Progression of microalbuminuria (defined as urinary albumin excretion rate (AER) of 30±300 mg/24h [1] ) to overt diabetic nephropathy in patients with Type I (insulin-dependent) diabetes mellitus is retarded by treatment with inhibitors of angiotensin converting enzyme (ACE). Even at the microalbuminuric stage, pathologic changes are present in the kidney [2] together with widespread endothelial dysfunction [3] [4]. Microalbuminuria is associated with excess cardiac morbidity [5] . It may therefore be worthwile to identify diabetic patients at risk before the stage of microalbuminuria, to start preventive treatment. Several risk factors for progression to microalbuminuria have been proposed [6, 7] , such as poor metabolic control, hypertension and high-normal AER.
at baseline but rose in the 29 patients before the development of microalbuminuria and was stable in patients with stable albumin excretion. Renin, angiotensinogen and angiotensin converting enzyme serum concentrations were stable in both groups. Prorenin and glycated haemoglobin were independent prognostic factors for the development of microalbuminuria. A prognostic index, based on these variables, was constructed to estimate the relative risk of developing microalbuminuria. Conclusions/interpretation. Increase in serum prorenin precedes onset of microalbuminuria in normotensive patients with insulin-dependent diabetes mellitus. High concentrations of prorenin in combination with high values of glycated haemoglobin can be used as a predictor of development of microalbuminuria. [Diabetologia (1999) 
42: 1006±1010]
Keywords Diabetes mellitus, glycated haemoglobin, microalbuminuria, prognostic index, prorenin. of diabetic nephropathy [10] . The major change in this system in diabetic patients with microalbuminuria or the ensuing stage of diabetic nephropathy is an increased plasma concentration of prorenin [11, 12] . Prorenin is the inactive precursor of the aspartyl protease renin, which is produced by the kidney. Renin is essential in the proteolytic cascade leading to production of AngII, a key hormone in blood pressure regulation and fluid and electrolyte homeostasis. Data on the change in prorenin concentration over time, in relation to the onset of nephropathy are scarce. In a retrospective longitudinal survey [13] total renin (i. e. prorenin + renin) increases before the onset of microalbuminuria. Here we report on a longitudinal 10-year follow-up study in 199 patients with Type I diabetes mellitus who were normoalbuminuric at the outset. Microalbuminuria developed in 29 patients during follow-up. The aim of this study was to investigate whether the increase in prorenin that has been observed in Type I diabetes mellitus, precedes the development of microalbuminuria.
Subjects and methods
Patients. Patients with Type I diabetes mellitus (n = 209) from the outpatient clinic at the Steno Diabetes Centre (Copenhagen, Denmark) were included between October 1982 and January 1983. Characteristics of the cohort have been reported in detail [6] . Patients gave informed consent to the study and the study was approved by the Ethics Committe of the Steno Diabetes Centre. The investigations were carried out in accordance with the Declaration of Helsinki. All patients fulfilled the following criteria: age between 18 and 50 years, onset of diabetes before the age of 30 years, duration of diabetes 10 to 30 years, diastolic blood pressure less than 100 mmHg and AER less than 30 mg per 24 h in one urine sample collected at home and remaining normal in at least two out of three samples during the first year of observation. None of the patients received medication, including oral contraceptives, other than insulin. Patients were followed for 10 years. Every 4 months albumin excretion was determined in a 24-h urine collection. The patients were classified as having microalbuminuria when AER was 30±300 mg/24 h in two out of three urine samples in 2 consecutive years. Blood pressure was measured and ophthtalmoscopy was carried out annually. Blood samples for the measurement of HbA 1 c were also collected annually. Serum obtained annually was kept at ±20°C for later measurement of prorenin, renin, angiotensinogen and angiotensin converting enzyme. Four patients were lost during follow-up and five patients were excluded due to severe diseases (AIDS, cancer, connective tissue disease, hyperthyroidism and chronic pyelonephritis). One patient could not be evaluated because of missing serum samples. Finally 199 patients were evaluated.
During follow-up, 20 patients became pregnant. Serum concentrations of prorenin and renin during pregnancy were excluded from analysis because prorenin is elevated during pregnancy [14] . Of the patients, 13 developing microalbuminuria, also developed hypertension (defined as a blood pressure exceeding 140/95 mmHg), 5 before and 8 after the onset of microalbuminuria. Antihypertensive treatment was initiated in only 15 patients of the control group. The antihypertensive drugs that were used were mainly diuretics and calcium channel blockers. Because antihypertensive drugs might influence the serum concentrations of renin and prorenin, only data obtained from patients while not on antihypertensive therapy were included in risk analysis.
Methods. Blood pressure was measured with a standard sphygmomanometer after a 10-min rest in the sitting position. The disappearance of Korotkoff sounds (phase V) was used to determine diastolic blood pressure. Blood for measurement of prorenin, renin, angiotensinogen and angiotensin converting enzyme was taken after a short rest in the sitting position. Serum was stored at ±20°C. Retinopathy was assessed by direct ophthalmoscopy by an ophthalmologist. Retinal lesions were categorized as either absent or present, combining background or proliferative retinopathy.
Albumin excretion rate was measured until May 1985 by a radial immunodiffusion technique [15] . Thereafter an enzyme-linked immunoassay was used [16] . Glycated haemoglobin (normal range 4.1±6.4 %) was measured by HPLC (Biorad, Diamat, Richmond, Calif., USA). Serum creatinine was measured by autoanalyser.
Assays of renin and prorenin. Serum renin and prorenin were measured with a commercial kit (Nichols Diagnostics, San Juan Capistrano, Calif., USA), based on an immunoradiometric assay. In this assay renin is measured directly. Total renin, i. e. renin plus prorenin, is measured after enhancement of immunoreactivity of prorenin by preincubation with the renin inhibitor remikiren as described [17] .The difference between total renin and renin is prorenin. The 95 % reference limits are 7.7±54.8 mU/l for renin and 88.1±390 mU/l for prorenin.
Assays of angiotensin converting enzyme and angiotensinogen assays. These assays were done in the 29 patients developing microalbuminuria and in a group of 29 patients remaining normoalbuminuric, matched for age, sex and duration of diabetes. Serum ACE activity was determined with a colorimetric kit (ACEcolor, Fujirebio Inc, Tokyo, Japan), using Gly-His-His as substrate. The concentration of angiotensinogen in serum was determined as the quantity of AngI that is generated after complete hydrolysis of angiotensinogen by recombinant human renin at pH 7.4 and 37 C in the presence of inhibitors of AngI degrading enzymes [14] . The AngI was measured by radioimmunoassay [14] . Results are expressed as nmol/l.
Statistical analysis Continuous data were compared using the t-test. Serum renin, serum prorenin and urinary albumin excretion were log-transformed before statistical analysis and presented as the geometric mean. The relation of various time-dependent clinical characteristics with the occurrence of microalbuminuria was investigated using Cox-regression analysis [18] . Variables with significant predictive value in univariate analysis were multivariately analysed. Backward elimination was used to determine which factors were independently associated with the occurrence of microalbuminuria. Statistical software used in the analyses was SPSS 7.0 (SPSS Inc. Chicago, Ill., USA).
Results
Clinical data at entry and during the course of the study. Of the patients, 29 progressed to microalbuminuria during the 10 years of observation and 170 continued with a normal AER. Of the 29 patients that devel-oped microalbuminuria, 8 progressed to overt diabetic nephropathy, i. e. an AER exceeding 300 mg/24 h. Clinical characteristics of the patients are given in Table 1. In the patients who later developed microalbuminuria, AER values and HbA 1 c were higher at outset. Serum prorenin and renin were not statistically significantly different at the time of inclusion. During the 10-year follow-up serum prorenin and renin did not correlate with serum creatinine, HbA 1 c , diastolic or systolic blood pressure. At baseline the concentrations of prorenin were not different in patients with background or proliferative retinopathy, compared with patients without retinopathy (not shown). Figure 1 shows the levels of prorenin, renin, angiotensinogen and ACE during follow-up. The year of first occurrence of microalbuminuria was designated as year zero. For patients who remained normoalbuminuric throughout follow-up, year zero was chosen to be 1987, since this was the average year of onset of microalbuminuria in the other group. Data for angiotensinogen and ACE showed stable levels during follow-up. Data in the upper two panels of Figure 1 suggest that serum prorenin and possibly renin increase before microalbuminuria sets in. Univariate Cox-regression analysis of occurrence of microalbuminuria showed statistically significant relations with the concentration of serum prorenin, value of HbA 1 c , and systolic and diastolic blood pressure, and with retinal status. Table 2 summarizes the size of the effect of these variables. No univariate significant relations were found for the duration of diabetes and the serum concentrations of renin and creatinine. The results enable a prognostic index (PI) to be constructed for the development of microalbuminuria when diabetes has been present for less than 25 years. This is given by the following formula: PI = 1.56*log 2 [prorenin] + 0.68 HbA 1 c In Figure 2 , the relative risk of developing microalbuminuria is graphed, according to the PI value. A PI value of 18, corresponding to a prorenin concentration of 400 mU/l and a HbA 1 c of 8.9 %, was arbitrarily chosen as a reference. If a patient in the study group had a PI that was continuously below 19, corresponding to, for instance, a prorenin concentration of 500 mU/l with a HbA 1 c value of 9.7 %, the chance of developing microalbuminuria was very small. Patients scoring a PI exceeding 19, had, however, about 30 % chance of developing microalbuminuria in the next 5 years (data not shown).
Discussion
This longitudinal, 10-year follow-up study on 199 patients with Type I diabetes mellitus confirms and extends earlier data [13] that indicate that an increase in serum prorenin precedes development of persistent microalbuminuria, the earliest phase in the development of diabetic nephropathy that can be recognized clinically.
The cause of the early rise of prorenin in patients with Type I diabetes mellitus developing nephropathy is not known. Normally, and also under pathological conditions, an increase in prorenin is associated with an increase in renin, the latter being proportionally larger than the former [19] . In the patients with Type I diabetes mellitus the increase in prorenin was not accompanied by an increase in renin, which suggests a derangement of the regulation of the renin-angiotensin system. Whether this derangement plays a causative part in the development of microalbuminuria and nephropathy or is merely a marker of early renal damage, more sensitive than others like albuminuria, is a matter of speculation. To view our results in a clinical perspective we derived from them a PI, based on HbA 1 c and serum prorenin. This PI indicates the risk of future microalbuminuria and hence, of diabetic nephropathy. It underlines the importance of good metabolic control. The PI fulfills the following criteria: it has strong predictive power, it is easily determined and it may have pathophysiological relevance in view of the involvement of hyperglycaemia and, with regard to the favourable response to ACE inhibition, of the reninangiotensin system in the development of diabetic nephropathy. Its use must be restricted , however, to normotensive diabetic patients. Moreover, use of drugs, in particular of contraceptive hormones, that considerably affect prorenin concentrations, precludes application of this PI.
A threshold value for PI could be agreed upon above which additional treatment is considered besides optimal therapy for restoring glucose to normal. An obvious choice for supplementary treatment would be ACE inhibition. The EUCLID-study showed that ACE inhibition in normotensive, normoalbuminuric patients had little effect on AER [20] . Use of the proposed PI might have identified a subset of these patients that would have benefited from ACE-inhibition. Obviously, a PI like the one proposed, needs to be validated in other longitudinal studies and work remains to be done to establish international standardization of HbA 1 c and prorenin assays [21] . Moreover, whether treatment based on this index improves prognosis on a cost-effective basis needs to be determined. Finally, we would like to stress that a reassuring PI value would not be an excuse for inadequate metabolic or blood pressure control.
The model that predicts microalbuminuria included an interaction term for prorenin and duration of diabetes. It is not sure if this statistically obtained variable has a biological meaning. It could mean that microalbuminuria occurring before a duration of 25 years has a different pathogenesis with involvement of the renin-angiotensin system from microalbuminuria occurring very late in the course of Type I diabetes mellitus. This is possibly compatible with reports that the incidence of diabetic nephropathy decreases after 16 years duration of diabetes but has a second smaller peak at about 32 years duration [22] .
In conclusion, an increased prorenin concentration in the blood is a herald of microalbuminuria and diabetic nephropathy. Serum prorenin together with glycated haemoglobin can be used to calculate a prognostic index that may be used as a predictor of clinically manifest renal disease in normotensive patients with Type 1 diabetes mellitus.
